Abstract: Free amino acid contents, including Arginine (Arg), Aspartic acid (Asp), Glutamic acid (Glu), Proline (Pro), Methionine (Met), Tyrosine (Tyr), Leusine + Isoleucine (Leu + Ile) and Phenylalanine (Phe) of 173 different Lathyrus sativus (grass pea) genotypes were studied. Arg was the most fluctuated and at the same time it gave the highest and the lowest yielded free amino acids among the all genotypes, ranging from 0.10 to 506.85 mg g −1 . However, regarding to the mean values, Glu is having the highest levels with 311.61 mg g −1 among the all. This study provides an additional data for this field of work and seems to be unique.
Introduction
Regarding to global food demand and feed resources and modern cropping systems (Makoi & Ndakidemi, 2011) , the legume genus Lathyrus is receiving increased attention by scientists (Biswas & Biswas, 1997) . Lathyrus sativus L., commonly known as grass pea, is an annual plant widely grown as a pulse crop and its dried seeds are harvested and consumed as a human food since ancient times (Tamburino, Guida, Pacifico, Parente, & Di Maro, 2012) . Lathyrus is recognized as many as 187 species (Allkin, Macfarfarlane, White, Bisby, & Adey, 1983) . L. sativus L. (grass pea, mürdümük in Turkish), is an annual pulse crop belonging to the Fabaceae family and Vicieae tribe (Biswas & Biswas,1997; Campbell, 1997) . He deals with species and varieties of forage plants, which tolerant to the effects of abiotic stres factors, such as global climate change, drought and salinity. In this respect, he is conducting researches which are based on agronomic, morphological, phenological in Lathyrus sativus genotypes, which is collected from nature. At the same time, he goes on qualitybased research on silage, an important food source for animal nutrition continues.
PUBLIC INTEREST STATEMENT
Grass pea has a number of advantages in respect to its properties, such as its high protein content, a high yield potential, low fertilization levels its tolerance to flood or salinity, drought survival. This plant is also commonly grown for animal feed and forage. Grass pea seeds may represent a potential source of several important nutrients for human and animal nutrition. On the other hand, the free amino acid constitutes of legumes are more than 10% of the weight of the legume seeds and are tend to be lost in cooking. These free amino acids, nevertheless, represent an enormous potential store of nourishment for man and animal. In this study, the free amino acids profile of 173 grass pea genotypes were determined. The results show that grass pea is rich in free amino acids and there is a wide variation between grass pea genotypes.
Extraction
The seeds were grinded with a blender and homogenized. Homogeneous sample weighed 1 g into 50 ml sample tube. Twenty-five millilitres of extraction solution, 0.1% (v/v) formic acid in water:methanol (50:50) (v/v), was added to the sample tube. For recovery studies, spike of the standards was done at this stage. The mixture was extracted with ultra-turrax for 2 min at 10,000 rpm. To control the temperature changes, the sample tube placed in an ice bath during ultra-turrax extraction. Extracted sample centrifuged at 4°C at 4,000 rpm for 10 min. The supernatant was passed through 0.2 μm PTFE membrane filter. Filtered sample diluted with mobile phase and injected 10 μl to LC-MS/MS. Analytical procedure was carried out as reported by Stein and Moore (1963) . All reagents and standards were of analytical grade. Individual stock standard solutions of chemicals (approximately 1,000 mg/L) were prepared in methanol and stored in −18°C.
Instrumentation and chromatographic conditions for UHPLC-MS/MS
The UHPLC-MS/MS system consisted of Thermo Accela UHPLC (pump, degasser, autosampler) coupled to Thermo Quantum Access Max triple quadruple mass spectrometer. Electro spray ionization (ESI) probe was used for atmospheric pressure ionization. Thermo Hypersil Gold (100 × 2.1 mm, 1.9 μm particle size) C18 column was performed for analytical separation of analysts. UHPLC column oven temperature was set at 40°C. Injection volume was 10 μl.
Reverse-phase chromatography was implemented for separation of the analytes. The mobile phase consisted of A was 0.1% (v/v) formic acid and 4 mM ammonium acetate in water:methanol (95:5) (eluent A) and methanol (eluent B). The analysis was started with 100% mobile phase A and was held 2 min at this composition. After 2 min, mobile phase A percentage was linearly decreased to 0% in 1.5 min. Mobile phase A percentage was held at 0% for 3 min. Then, flow was changed to 100% mobile phase A and re-equilibration time takes 0.5 min. Total run time was 7 min. The flow rate was 0.4 ml/min. By means of a gradient programme, apolar characteristics of column and polar structure of the analytes, they were detected in short time.
Data analyses
Pearson's correlation coefficient is a bivariate correlation procedure and it was used to measure associations among morphological characteristics. Principal component analysis (PCA), which was based on the mean values of 173 genotypes for 8 free amino acids, were performed to determine the relationship and pattern of variation between genotypes (Iezzoni & Pritts, 1991 ). Pearson's correlation coefficients and PCA were calculated using the statistical package, SAS 9.1 (SAS Institute, 2003) . Table 1 gives the free amino acid contents of all the genotypes, including Arg, Asp, Glu, Pro, Met, Tyr, Leu + Ile and Phe contents of the samples. At a first glance, a great variation among the measured parameters in the genotypes has been determined. This is related to the genetic variations of the grass peas. For a general aspect, Arg content, which is most fluctuated among the all, ranged from ; however, Glu gave close values ranging from 201.51 to 450.45 and the mean was 311.61 as seen in Table 1 . Another aspect, Arg gave the lowest and the highest levels among the studied free amino acids, interestingly. These results could be easily attributed to the genetic variation. Arg is mentioned by Aragão et al. (2015) that increased Arg contents promote the synthesis of gibberellins, which are germination promoters. Therefore, Arg could be linked to the germination potential of the genotypes as well. Under the drought stress, plants are known to accumulate osmolytes and Pro is one of the most common compatible osmolytes in drought-stressed plants. Giving an example, the Pro contents increased under drought stress in pea (Alexieva, Sergiev, Mapelli, & Karanov, 2001; Sánchez, Manzanares, de Andres, Tenorio, & Ayerbe, 1998) . Pro accumulation can also be observed with other stresses, such as high temperature and under starvation (Sairam, Rao, & Srivastava, 2002) . Regarding to these studies, higher Pro content could be linked to the potential stress tolerance of the genotypes, which can be used under this condition if it is necessary. These genotypes were grown on the same conditions; hence, the differences are mostly related to the genetically variations and this could be a good indicator for further studies (Arslan, 2017; .
Results and discussions
The free amino acid constitutes of legumes are more than 10% of the weight of the legume seeds and are tend to be lost in cooking. These free amino acids, nevertheless, represent an enormous potential store of nourishment for man and animal. These free amino acids are not lost for animal feeding because it is directly consumed by the animals, which makes the important to determine the free amino acid contents of the legumes (Bell, Qureshi, Charlwood, Pilbeam, & Evans, 1976) .
As seen in the Table 1 , scrtiny of this large number containing values are not easy to evaluate, thus PCA is preferred. This is the reason why the results are given in Table 2 as results of PCA analysis. The other statistical methods are not adequate to assess the relationships among traits and their optimization, and grouping because the traits related to morphology and chemical structure could show more than quantitative variability; assessment of differences is difficult when data of dissimilar nature are involved. The PCA gives the simple evaluation possibility with reduced dimensions as seen in In our PCA analysis (Table 2) , three of the eight principal component axes had eigenvalues >1. Therefore, these three components can be interpreted as reflecting the general variability in the data-set without much loss of information. This is a usual finding that a few dominant PCs explain a high percentage of variance. The first three components explained 64.1% of the variability among the 173 grass pea genotypes ( Table 2 ). The PCA1 explained 34.60% of the total variance and was positively correlated with Tyr, Leu + Ile and Pro. The PCA2 explained 16.10% of the total variance and was mainly correlated with Phe, Tyr and Pro. The PCA3 explained 13.40% of the total variance and was mainly correlated with Glu, Met and Phe.
In addition, correlation analyses were performed in order to evaluate correlation of the measured parameters. Table 3 shows the correlation among the parameters.
For simply, Tyr and Leu + Ile (r = 0.628, p < 0.01) are given the strong relationship all the free amino acids and the further assesment are left to the readers. The others showed negative or positive correlative relationships as seen in the Table 3 . 
